The effects of surgeons and anesthesiologists on operating room efficiency  by Timoney, Nessa et al.
Interdisciplinary Neurosurgery: Advanced Techniques and Case Management 5 (2016) 38–42
Contents lists available at ScienceDirect
Interdisciplinary Neurosurgery: Advanced Techniques and
Case Management
j ourna l homepage: www. inat - journa l .comTechnical Note & Surgical TechniqueThe effects of surgeons and anesthesiologists on operating room efﬁciencyNessa Timoney a,⁎, Levi Procter b, James Liau c, Phillip Chang b, Thomas Pittman a
a Department of Neurological Surgery, University of Kentucky, College of Medicine, Lexington, KY, USA
b Department of General Surgery, University of Kentucky, College of Medicine, Lexington, KY, USA
c Department of Plastic Surgery, University of Kentucky, College of Medicine, Lexington, KY, USA⁎ Corresponding author at: University of Kentuck
Department of Surgery, Division of Neurosurgery, 80
Lexington, Kentucky 40536, USA.
E-mail address: nessa.timoney@uky.edu (N. Timoney)
http://dx.doi.org/10.1016/j.inat.2016.06.001
2214-7519/© 2016 Published by Elsevier B.V. This is an oa b s t r a c ta r t i c l e i n f oArticle history:
Received 17 May 2016
Accepted 5 June 2016Object: The impact of surgeons and anesthesiologists, both individually and paired, on the length of operative
procedures was studied.
Methods: Five general surgeons, six neurosurgeons, and 21 anesthesiologists all completed two personality as-
sessments. A retrospective review of OR records of six procedure types performed by those in the study (2,087
neurosurgical and 2,107 general surgery) was conducted. Statistical analysis was employed to estimate various
effects on OR times and to identify the importance of each factor.
Results: Surgeon effect onOR time varies with procedure type butwas greater in neurosurgical cases: LMD (16%),
ACDF (14.5%), cranioplasties (6.6%). The combination of surgeon and anesthesiologist had a signiﬁcant effect on
length of the operation: ACDF (7.6%) and LMD (12.5%).
Conclusion: In someprocedures types a signiﬁcant part of the variability in operative time is due to the interaction
between the surgeon and anesthesiologist. Reviewing operative records should allow identiﬁcation of efﬁcient/
inefﬁcient combinations.
© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
It has become increasingly important for hospitals to manage
their operating rooms (OR) efﬁciently. Efforts towards that goal gen-
erally include standardization of operating room procedures and
materials, active oversight of operative scheduling and ﬂexible
stafﬁng [1,2]. Less attention has been paid to the effects of the indi-
viduals involved. In particular, the impact of the surgeon and the an-
esthesiologist on the efﬁcient use of the operating room has not been
studied.
We recorded the duration of six common procedures performed
by a number of different surgeons working with a number of differ-
ent anesthesiologists. The goal of the study was threefold: 1) to de-
ﬁne what part of the variability in OR time was related to the
surgeon and what part to the anesthesiologist. 2) To identify pairs
of surgeons and anesthesiologists who performedmore or less effec-
tively. 3) To see if personality testing or measures of previous expe-
rience working together could be used to predict which pairs of
practitioners might work well, or poorly, together.y Chandler Medical School,
0 Rose Street, Room MS101,
.
pen access article under the CC BY-N2. Materials and methods
The studywas conducted at the University of KentuckyMedical Center,
a large academichospital. IRB approvalwas obtainedprior to the start of the
study. Five general surgeons and six neurosurgeons completed the Myers-
Briggs Test Indicator (MBTI) and the Thomas Killman Conﬂict Mode Insti-
tute (TKI). Twenty-one anesthesiologists had been tested earlier and that
datawas incorporated into the analysis. TheMBTI is a validatedpsychomet-
ric questionnaire composedof 93 forced-choice questionsdesigned tomea-
surepsychological preferences, perceptions anddecision-making. The TKI is
a validated instrument that consists of 30 pairs of statements and identiﬁes
ﬁve styles of conﬂict management: competing (assertive, uncooperative),
avoiding (unassertive, uncooperative), accommodating (moderative, coop-
erative), collaborating (assertive, cooperative), and compromising (inter-
mediate assertiveness and cooperativeness).
A retrospective reviewwas performedof OR records fromNovember
2011 to November 2014. The reports from six types of procedures per-
formed by those in the study groupwere identiﬁed and evaluated: lum-
bar microdiscectomy, anterior cervical discectomy, cranioplasty, and
laparoscopic cholecystectomy, laparoscopic appendectomy and open
hernia (inguinal/incisional) repair. Overall operative timewas recorded.
Operative timewas divided into surgical time, deﬁned as the time from
skin incision to skin closure, and anesthesia time, which was deﬁned as
total time in the OR minus surgical time. The anesthesiologist and sur-
geon involved in each case were recorded.C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Individual surgeon effect on anterior cervical diskectomy and fusion operative
times. Surgeons “bk”, “bn” and “bo” had OR times that signiﬁcantly differed from the
average procedure length of time.
Fig. 2. A. Individual surgeon effects on lumbar microdiskectomy operative times. 6
surgeons had a signiﬁcant impact on OR time: “bk”, “bm”, “bn”, “bo”, “bs” and “bt”. B.
Lumbar microdiskectomy operative times as pairing effect of surgeon and
anesthesiologist. The interaction effects of several surgeons and anesthesiologists
combinations were much slower than the average time.
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fects of surgeons and anesthesiologists onOR times aswell as the effects
of speciﬁc pairings of surgeons and anesthesiologist on OR times. Use of
the Bayesian model made it easier to handle the many instances where
certain surgeons never worked with certain anesthesiologists, which
made it impossible to estimate those interaction terms using a tradition-
al regression approach. Also, the Bayesian approachmade it easier to in-
clude the number of times speciﬁc pairs of physicians worked together
and the MBTI personality traits in the model, which allows us to assess
how surgeons and anesthesiologists work together depending on per-
sonality compatibility and their experience. Additionally, the variance
of OR timeswas partitioned to see howeach factor could explain the dif-
ferences in OR times.
2.1. The model
The model used for each of the 6 operation types was as follows:
OR timeijk ¼ μ þ αi þ β j þ γij þ εijk
αi  N 0;σ2surgeon
 
β j  N 0;σ2anesthesio logist
 
γij  N 0;σ2interaction
 
εijk  N 0;σ2observation
 
Where OR timeijk is the kth observation of OR time for surgeon i and
anesthesiologist j, μ is the overall mean of OR times, is the effect of sur-
geon i, is the effect of anesthesiologist j, and is the effect of surgeon i
workingwith anesthesiologist j. Additionally, the effects of surgeon, an-
esthesiologist, and interaction were given prior distributions with a
common variance so that the variance of OR times could be partitioned.
εijk Is the error associated with each OR time estimate andwas assumed
to be distributed normally. Each of the parameters was given a non-
informative prior distribution. To preserve anonymity, each surgeon
and anesthesiologist was de-identiﬁed using an arbitrary two-letter
label.
3. Results
3.1. Anterior cervical discectomy and fusion
A total of 659 cases were reviewed. The surgeon and anesthesiolo-
gist involved and the interaction between the two explains a signiﬁcant
amount of the variability in operating times. The overall average time
spent in the OR for the procedure was 198 min with a 95% conﬁdence
interval of 185 to 212min. Surgeons accounted for 14.5% of the variabil-
ity, anesthesiologist 2.6%, interaction effect 7.6% and 75.3% was unex-
plained. Three surgeons had OR times that differed signiﬁcantly from
average (Fig. 1).
3.2. Lumbar microdiscectomy
A total of 1162 cases were reviewed. The overall average time for
this operation was 169 min with a 95% conﬁdence interval of 157 to
182 min. The surgeon accounted for 16% of the variability, anesthesiol-
ogist 1.4%, interaction effect 12.5% and 70.1% was unexplained. It is no-
table that 6 surgeons had a signiﬁcant impact on OR time (Fig. 2A) and
that several combinations of surgeons and anesthesiologists where
much slower than average (Fig. 2B).3.3. Cranioplasty
A total of 266 cases were reviewed. The average time for this proce-
dure was 171 min with a 95% conﬁdence interval of 156 to 186 min.
Choice of surgeon explained 6.6% of the variability, the anesthesiologist
Fig. 3. Individual surgeon effect on cranioplasty operative times. Three surgeons hadmean
times that were signiﬁcantly different than average: “bo” and “bt” being signiﬁcantly
slower and “bq” signiﬁcantly faster.
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unexplained. Three surgeons had mean times that were signiﬁcantly
different than average (Fig. 3).
3.4. Laparoscopic cholecystectomy
A total of 1007 cases were reviewed. The average time for this oper-
ation was 132 min with a 95% conﬁdence interval of 126 to 137 min.
Very little of the variability is explained by the choice of surgeon orFig. 4. Individual surgeon effect on laparoscopic cholecystectomy operative times. Thranesthesiologist: the surgeon accounted for 3.8% of the variation, the
anesthesiologist 0.6% and the interaction 2.9% while 92.6% of the vari-
ability was unexplained. Three surgeons performed signiﬁcantly differ-
ently than average.
3.5. Laparoscopic appendectomy
A total of 554 cases were reviewed. The average operating time was
100minwith a 95% conﬁdence limit of 95 to 100min. The vast majority
of the variation is unexplained: 2% of the variability can be attributed to
the surgeon, 1% to the anesthesiologist and 1.1% to the interactionwhile
95.9% is unattributable. One surgeonhadOR times signiﬁcantly different
than average.
3.6. Open hernia repair
A total of 456 cases were reviewed. The average operating time for
open hernia repair was 164 min with a 95% conﬁdence interval of 154
to 174min. Little of the variation was explained by surgeon or anesthe-
siologist: 94% of the variation was unexplained, 4.4% was related to the
surgeon, 0.6% to the anesthesiologist and 1% to the interaction. Four sur-
geons had mean OR times different than the average.
After controlling for the individual effect of surgeons and anesthesi-
ologists, there were no statistically signiﬁcant effects of MBTI or TKI
compatibility measures on operative times (Fig. 4 and Table 1A–D.). In
all of the data sets, the 95% conﬁdence intervals were extremely wide
and included the possibilities that the pairings had no effects.
Finally, there was no evidence that the number of times pairs of an-
esthesiologists and surgeons worked together effected OR times.ee surgeons performed signiﬁcantly differently than average: “an”, “ao” and “be”.
Table 1
Average operative room times based on personality compatibility.
A.
Average room time (minutes) based on E-I MBTI indicator
Anesthesiologists
Extraversion Introversion
Surgeons Extraversion 163.44 (N = 187, SD = 61.17) 149.6 (N = 679, SD = 50.13)
Introversion 155.02 (N = 183, SD = 78.5) 160.96 (N = 503, SD = 83.28)
B.
Average room time (minutes) based on S-N* MBTI indicator
Anesthesiologists
Intuition Sensing
Surgeons Intuition 146.68 (N = 66, SD = 64.97) 167.66 (N = 536, SD = 84.84)
Sensing 152.98 (N = 50, SD = 74.42) 149.2 (N = 900, SD = 53.12)
C.
Average room time (minutes) based on T-F MBTI indicator
Anesthesiologists
Feeling Thinking
Surgeons Feeling 98 (N = 2, SD = 32.53) 121.24 (N = 25, SD = 68.83)
Thinking 156.21 (N = 344, SD = 75.69) 156.24 (N = 1181, SD = 64.68)
D.
Average room time (minutes) based on J-P MBTI indicator
Anesthesiologists
Judging Perceiving
Surgeons Judging 163.44 (N = 187, SD = 61.17) 149.6 (N = 679, SD = 50.13)
Perceiving 155.02 (N = 183, SD = 78.5) 160.96 (N = 503, SD = 83.28)
MBTI:Myers-Briggs Test Indicator; E: Extraversion; I: Introversion; S: Sensing; N*: Intuition; T: Thinking; F: Feeling; J: Judging; P: Perceiving; N: Total number in the sample; SD: Standard
deviation.
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The current healthcaremarket is conﬁgured to force lower cost inpa-
tient care. One obvious target for cost cutting in a hospital is the operat-
ing room. The OR is expensive to run and difﬁcult to manage efﬁciently
[2,3]. But, the OR is vital to most hospitals as it generates a substantial
portion of their revenue. Efforts to increase efﬁciency in the operating
room have generally focused on improving work ﬂow by standardizing
products and procedures, more active oversight of scheduling and
greater ﬂexibility in stafﬁng [4]. An area that hasn't been explored is
the effect the physicians who are in the operating room, surgeons and
anesthesiologists, have on its operation.
We reviewed operating room records for six common procedures:
three performed by neurosurgeons and three by general surgeons. The
caseswere done by a number of different surgeons and anesthesiologist
in varying combinations. There was signiﬁcant variability in operating
times for each procedure, whichwas due, at least in part, to the surgeon
and anesthesiologist involved.
Surgeons play a large role in OR times. The effect varies with proce-
dure but ismuchmore of a factor in neurosurgical cases: 16% of the var-
iance in the length of lumbar discectomies could be attributed to the
surgeon, 14.5% of the difference in the length of anterior cervical
discectomies and fusion were attributable to the surgeon and 6.6% of
the difference in the length of cranioplasties where an effect of the sur-
geon. It is important to recognize that these are averages and that for
every procedure there were surgeons who were substantially faster or
slower than the mean. These differences could have a signiﬁcant effect
on the length of a procedure: for example, a cranioplasty when per-
formed by surgeon “bq” took, on average, 121 min (operative time)
while one done by surgeon “bo” took 211min. Although the differencesmay reﬂect technical ability, they could as easily reﬂect patient popula-
tion, assistants or some other unexamined confounding factor.
Anesthesiologists, on the other hand, play a relatively minor role in
the variation in procedure times. In no casewasmore than 3%of the var-
iability attributable to the anesthesiologist. Individuals were also less
likely to have times far from the mean so that even outliers had a rela-
tively small effect on the length of procedures.
In two procedures, ACDF (7.6%) and LMD (12.5%), the combination
of surgeon and anesthesiologist had a signiﬁcant effect on the length
on the operation. In both cases, after correction for individual differ-
ences, there were pairs of practitioners who were substantially faster
or slower than others. We investigated 2 possible causes for the effect
on procedure length of the interaction between surgeon and anesthesi-
ologist: 1) Familiarity as deﬁned by the number of times the pair had
worked together 2) Compatibility as measured by the MBTI and TKI.
Neither explained the ﬁndings. There was no relationship between ei-
ther the number of times a surgeon and anesthesiologist hadworked to-
gether or the MBTI or TKI results and procedure length.
Interestingly, themajority of the difference in procedure length can-
not be attributed to either the surgeon or the anesthesiologist. In fact, in
the general surgical cases over 90% of the variance is unexplained. This
situation likely reﬂects, in some part, the peculiarities of individual op-
erations; a patient's anatomy and clinical situation is unique and implies
some variability in treatment. But, other factors almost certainly play a
role: The efﬁciency of the scrub nurse and circulator, availability of un-
expected instruments andmaterials, access to equipment and radiology
personnel and timeliness of transfers to the recovery room among any
number of other issues. With more speciﬁc data, one could almost cer-
tainly suggest that changes in these areas would offer a practical ap-
proach to shorter procedure times.
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ty. Although our data does not allow one to predict how pairs of practi-
tioners will perform, this may reﬂect the limitations of our testing.
Perhaps other personality assessments or different types of evaluation
would be more helpful. As a practical issue, though, even if effective or
ineffective pairs cannot be predicted, they can be recognized.With a re-
view of recent cases inefﬁcient surgeon/anesthesiologist combinations
can be identiﬁed and avoided; effective combinations can be encour-
aged. These changes could have a signiﬁcant ﬁnancial effect. For exam-
ple, several combinations of surgeon and anesthesiologist extended the
length of a microdiscectomy by more than 30 min. Assuming a proce-
dure cost of $50 per minute, a change in the combination of anesthesi-
ologist and surgeon for a lumbar microdiscectomy could have a
savings of up to $1500 per case [3,5].
It will be difﬁcult to address the differences in operative time caused
by surgeons. There may be a role for sharing techniques, training and
observing cases, but it isn't clear how much change can be expected.
Perhaps, the outliers can be identiﬁed and the differences minimized
but therewill always be some variation in case length; this is a reﬂection
of thenature of surgery. Unfortunately, given current health careﬁnanc-
ing, there is the possibility that outside forcesmay act to impose chang-
es in surgical practice.5. Conclusion
There is substantial variability in the length of operations. In some
types of procedures, a signiﬁcant part of the variation is due to the
interaction between the surgeon and anesthesiologist. While there isno recognizedmethod to predict the efﬁciency of surgeon and anesthe-
siologist pairs, a review of operative records should allow identiﬁcation
of efﬁcient and inefﬁcient combinations. Avoiding pairs of practitioners
who work poorly together offers the potential for signiﬁcant savings.
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